United States Patent

US009535544B2

(12) (10) Patent No.: US 9,535,544 B2
Yousefpor et al. 45) Date of Patent: Jan. 3, 2017
(54) REDUCING TOUCH PIXEL COUPLING 5,488,204 A 1/1996 Mead et al.
5,825,352 A 10/1998 Bisset et al.
71)  Apvplicant: Apple Inc.. Cupertino. CA (US 5,835,079 A 11/1998 Shieh
(71) Applicant: Apple Inc., Cupertino, US) 5,880,411 A 3/1999 Gillespie et al.
(72) Inventors: Marduke Yousefpor, San Jose, CA 6,188,391 Bl 212001 ,Seely et al.
(US); Taif Ahmed Syed, Cupertino, CA (Continued)
(US); Ahmad Al-Dahle, Santa Clara,
CA (US); Kevin J. White, Los Gatos, FOREIGN PATENT DOCUMENTS
CA (US); Abbas Jamshidi-Roudbari,
K Jp 2000-163031 A 6/2000
Sunnyvale, CA (US); Stephen S. Poon, P 5002342033 A 11/2002
San Jose, CA (US)
(73) Assignee: Apple Inc., Cupertino, CA (US) OTHER PUBLICATIONS
(*) Notice: Subject to any disclaimer, the term of this Lee, SK. e_t _al' (Apr. 1”985 ) A _MUIti'TOUCh Three Dimensional
patent is extended or adjusted under 35 Touch-Sensitive Tablet,” Proceedings of CHI: ACM Conference on
U.S.C. 154(b) by 206 days. Human Factors in Computing Systems, pp. 21-25.
(Continued)
(21) Appl. No.: 13/907,698
. Primary Examiner — Christopher E Leiby
22) Filed: May 31, 2013 .
(22) File ay > (74) Attorney, Agent, or Firm — Morrison & Foerster
(65) Prior Publication Data LLP
US 2014/0354586 Al Dec. 4, 2014 (57) ABSTRACT
(51) Int. CL A touch screen to reduce touch pixel coupling. In some
GOGF 3/044 (2006.01) examples, the touch screen can include a first display pixel
GOGF 3/041 (2006.01) and a second display pixel in a row of display pixels, where
(52) US.CL the first display pixel can be configurable to be decoupled
CPC ......... GO6F 3/044 (2013.01); GOG6F 3/0412 from the second display pixel during at least a touch sensing
(2013.01); GO6F 2203/04107 (2013.01) phase of the touch screen. In some examples, the touch
(58) Field of Classification Search screen can include a display pixel having a first and a second
CPC GOG6F 3/0488; GOGF 3/04883; GOGF 3/04886; transistor, where the second transistor can be electrically
GOG6F 3/045; GO6F 3/044; GO6F 3/0412; connected to a gate terminal of the first transistor, and can be
GOG6F 3/0416; GOGF 3/046; GO6F diode-connected. In some examples, the touch screen can
p
2203/04107 include two display pixels, each display pixel having two
See application file for complete search history. transistors, where two of the transistors can be electrically
connected to a first gate line, and the remaining two tran-
(56) References Cited sistors can be individually electrically connected to a second

U.S. PATENT DOCUMENTS

5,483,261 A 1/1996 Yasutake

Touch
Screen

and third gate line, respectively.

26 Claims, 13 Drawing Sheets

220
™ Drive Line T&”g{' Sense T&‘,’(g{‘ Sense Drive Line
Segment 296 Line Bypass 313 op7 Line Link
01 309 X 22\3 307 / 23 303
. \ / M
Connection
305~ T\ Y7/ N 7 ) Cf \
Drive Line L] ] i
222 | |
L]
311_A4_/ \ ) ;_/
Drive Ling — [~ T vee
222
\ \—___/ \




